Multifunctionality in agriculture has received a lot of attention the last decade from researchers and policy-makers alike, perhaps most notably evidenced by the important changes made to the EU's Common Agricultural Policy. While the concept has been embraced by environmentalists envisioning positive impulses for decoupling and a range of local stakeholders recognizing implicit marketing opportunities involved, it has also been criticized as a mere argument in favour of disguised protectionism. Problematic in this discussion is the lack of an operationalising framework for the assessment of multiple functions. In this paper, we discuss such a framework and the role it can play in the decisionmaking process. Focusing on a case study about olive farming on sloping and mountainous land in northeastern Portugal, the contribution discusses methods for studying multiple functions of agroecosystems. While function assessment is presented from a research perspective, its relevance for stakeholders is also stressed here. By using the metaphor of a house, the method could appeal to a wide range of actors. In the case study, we conclude that olive groves on sloping and mountainous land particularly fall short in supplying ecological functions. They do however contribute significantly to the local economy, generate employment and perform an important role in maintaining the cultural landscape and identity, and are thus vital to regional development and to stop outmigration of the population. Policy-makers could use the function assessment tool to design effective cross-compliance rules and relevant agro-environmental measures to reinforce ecological and social functions, and to communicate ideas to other stakeholders. As such, it provides an extension of public debate and can reinforce decision-making by visualizing trends, development alternatives or scenarios. The role of research in this method is to facilitate dialogue between stakeholder groups and to feed the process with relevant indicators.
Introduction
The OECD study ''Multifunctionality; towards an analytical framework' ' (OECD, 2001 ) presents a thorough analysis of the multifunctionality concept from an economist's perspective. Afterwards, a number of publications dealing with theoretical economic (Randall, 2002; Harvey, 2003) , ethical (Paarlberg et al., 2002; Vatn, 2002) or sociological studies (Knickel and Renting, 2000; Knickel, 2001 ) have appeared on the topic, and more recently a review integrating concepts from different disciplines (McCarthy, 2005 ). An apparent lacuna in the literature is a study operationalising the concept (Brandt and Vejre, 2004) . Moreover, the absence of studies advocating assessment of multiple functions in the decision-making process is surprising. Hall et al. (2004) come to a similar conclusion with regard to the analysis of societal wishes for the management of the countryside. A major effort to achieve informed decision-making on management of the environment is being undertaken by a global coalition of scientists in the Millennium Ecosystem Assessment (MEA, 2005) .
The recognition of multiple functions of land use is in itself not a new issue. Perhaps not surprisingly, the densely populated Netherlands has had a scientific discussion about those functions dating back to the late 1960s, see, e.g. van der Ploeg and Vlijm (1978) . However, the arrival of the term in policy documents in 1990s has added a dimension in that it has become linked to the discussion of paying third parties -farmers -for public services and goods that they produce alongside food and fibre (e.g. Potter and Burney, 2002) . In this contemporary sense of the word, it seems to have gradually evolved from earlier concepts as 'pluri-activity' dating back to 1980s (e.g. Fuller, 1990; Reis et al., 1990) and 'postproductivism' (e.g. Marsden et al., 1993 , cited in Wilson, 2001 ). Evans et al. (2002) quite rightly criticise the use of the latter term, and whether or not the same line of reasoning was followed by scholars introducing the concept of multifunctionality, sure is that the shift of paradigm has followed some 'post-shockwave' behaviour in which initial excitement over other functions overtaking agriculture's productive functions has been matured into a neutral word not issuing any value statement as to what extent other functions may gain importance.
However, the neutrality of agricultural multifunctionality has been challenged by Wilson (2007) , arguing that it should be used as a normative concept both describing and explaining rural (agricultural) change. He defines the multifunctional agricultural space as a paradigm for decision-making along a productivist/non-productivist spectrum, with notions of weak and strong multifunctionality characterizing the extremes, and an intermediate multifunctionality in the middle. While we will concentrate on multifunctional agriculture, a rural space could develop multifunctionality beyond agriculture, i.e. a complete loss of the productive function of agriculture.
Weak and strong multifunctionality were also distinguished by Hollander (2004) , with the 'weak' end of the spectrum representing an ill-conceived protectionalist policy-driven concept. The OECD (2001) definition of multifunctionality as ''a characteristic, either present or not, of agriculture (or any other type of economic activity) whereby products are -either intentionally or not -co-produced'', has been criticized as too narrowly economistic and not capable of addressing what multifunctionality is about (Wilson, 2007) . The multiple functions of agriculture include products (goods or services, marketable or public) but also less tangible elements of rural development, such as social inclusion, cultural heritage and landscape value, which may not be easily disentangled. Contested though the definition of multifunctionality may be, there is general consensus that where applied it should be firmly area-based (Holmes, 2002 (Holmes, , 2006 Wilson, 2007) .
Several classifications of the various functions of (agro-) ecosystems have been made, roughly taking two different approaches:
(i) Functions are defined as ecosystem functions with humans (potentially) attaching values to functions (de Groot, 1992; de Groot et al., 2002 ). This approach is followed by the Millennium Ecosystem Assessment (MEA, 2005) , with similar applications relating to landscapes (not necessarily agricultural ones, Brandt and Vejre, 2004) and an Andean 'socioecosystem' (Rodriguez et al., 2006) . This approach evolves from an ecologist's perspective emphasizing the entity of the natural environment (van der Maarel and Dauvellier, 1978) . (ii) Functions are defined taking a broader, human-centred perspective including types of capital other than natural capital (e.g. Bosshard, 2000; von Wiren-Lehr, 2001; Gó mez-Sal et al., 2003) . The role of the natural ecosystem in this approach can ultimately be reduced to satisfying the demands from society (for an early account, see Bouma and van der Ploeg, 1975) .
Combinations of the above approaches are also possible, by taking an hierarchical approach with ecosystem functions at the basis and other functions as 'derived' functions. For example, van Cauwenbergh et al. (2007) present a hierarchical framework for assessing the sustainability of agricultural systems based on de Groot's ecosystem functions but including functions in economic and social domains.
Function assessment as it is understood here is a method to study the multifunctionality of (parts of) agro-ecosystems, in this case Sloping and Mountainous Olive Plantation Systems (SMOPS) in southern Europe. Agro-ecosystems are ecosystems modified by human beings to produce agricultural products, thereby acquiring a socio-economic dimension (Conway, 1987) . SMOPS, as (major components of) agro-ecosystems, have some specific characteristics: they often originate from Roman times and developed on land where other crops would not grow and irrigation was not feasible. In order to adapt to the peculiar Mediterranean climatic conditions a range of soil and water conservation measures has been practiced (Stroosnijder et al., 2008) . As SMOPS cannot compete with better endowed plantations in lowland regions in the narrowly productive sense, the concept of multifunctionality is particularly relevant for their future development.
An important characteristic of different types of functions is that by putting more emphasis on one function, other functions can be affected in variable ways. A (participatory) planning process aims to arrive at a decision about what mix of functions to pursue. Crucial in this process is that different stakeholders may value functions differently and that the importance of functions varies across scales of analysis (Hein et al., 2006) . Hence, to assess agro-ecosystem functions, indicators are needed that are (1) informative about changes in important processes; (2) sensitive to changes; (3) appropriate at temporal and spatial scales considered; (4) wellunderstood and based on generally accepted conceptual models; (5) relatively undemanding in terms of data collection; (6) preferentially reliant on existing monitoring systems; and (7) easily understandable by policy-makers (MEA, 2005, p. 50) .
Indicators work best if they serve a well-defined purpose. If this purpose concerns sustainability evaluation, a holistic framework is required (Ló pez-Ridaura et al., 2005; van Cauwenbergh et al., 2007) . If this is assessing multifunctionality, a selection of indicators that capture the importance of key functions (those aimed at by stakeholders) suffices. The use of indicators has been criticized (Wilson and Buller, 2001) , most importantly for claiming objectivity while missing out on important (arguably socio-cultural) processes and their tendency to reinforce narrow-based policy objectives. However, acknowledging that indicators are a social product of negotiation (Slee, 2007) opens the way for indicators as instrument of conveying messages across actors and scales. To be useful at multiple scales, indicators should be linkable between relevant assessment levels (Pacini et al., 2003) , and preferably be indicators of objectives rather than means (van der Werf and Petit, 2002) . However, when indicators of the first kind are difficult, timeconsuming or costly to assess -as is often the case in Mediterranean environments -there is a need to define sustainable land management practices as means-based indicators (Zalidis et al., 2002) .
The objective of this paper is to present a conceptual framework for the assessment of multiple functions and to illustrate it with a particular case study at two scales of assessment: region level and farm level, with most emphasis given to the former. The results of the case study are used to discuss the potential of the method. In the remainder of the paper, the function assessment methodology will first be described, and the case study area introduced: the Terra Quente zone within the Portuguese Agrarian Region of Trá s-os-Montes. Results are thereafter presented and discussed in relation to other approaches, and conclusions with recommendations for future research are drawn.
Methods
2.1. Conceptual framework 2.1.1. The 'house of functions'
The 'house of functions' is a tool for assessing the functions of agro-ecosystems (as defined by Conway, 1987) . It offers a universal methodology that allows stakeholders to communicate on the multiple functions of agro-ecosystems across scales. We distinguish five groups of agro-ecosystem functions (Gó mez-Sal et al., 2003 refer to 'evaluative dimensions'): ecological, productive, economic, social and cultural functions. These functions can metaphorically be conceived as constituting the five lines of the silhouette of a house (symbolising the living environment). Each set of functions can even be given a specific place in this 'house of functions' (Fig. 1) . Ecological functions form the foundation of the living space, comparable to the concept of ecological footprint. Productive functions depart from the foundation and provide us with products from nature: a standing wall. The second wall of the house represents the cultural functions, and is equipped with a window (the window on life). Culture links ecology to society and production links ecology to economy: the roof of the house is thus constituted by the lines representing economic and social functions, which in turn link at the ridge of the roof. If economy and society are balanced, the ridge appears just in the middle, that is to say, if they are balanced with ecology as well: if too much emphasis is put on ecology (a long base line) it leaves a gap in the roof, rendering the house uninhabitable. The opposite (too little attention paid to ecological functions) leaves a hole in the foundation.
While conceptualizing the agro-ecosystem as a house evokes the spirit of responsibility, it also symbolizes the importance of choice. The inhabitants have the option to neglect, sell out, speculate or move. It requires dedication and determination to maintain the house and the functions it fulfils.
Construction of the house of functions
For each function, indicators should be elaborated (see Section 2.2). The house of functions can be constructed by aggregating indicator scores for each type of function. These aggregated scores should be expressed as an index value (0-1) and presented in a 'house of functions' where all five function groups could obtain a maximum score of 1 (the target value). This means that each indicator should span a range of possible values, the extremes of which need to be normalized to '0' and '1' scores. Indicators should be unambiguous and science-based. However target values will normally be elaborated in a (preferentially informed) decisionmaking process.
A second possibility for stakeholder interference is attributing weights to each indicator score before aggregation. Weighing is a facultative step in the methodology; if all indicators selected are equally important, aggregate scores could be calculated as the arithmetic mean.
There are two ways of constructing the final image of the house, depending on whether it should present a state or a goal. In case the house represents a state, it should be re-arranged in such a way that the least fulfilled function leaves a gap in the house. In case the house represents a goal (or future vision), gaps should be closed (whenever possible) by manipulating the angle between axes, normally resulting in an 'imperfect' house (Fig. 2) . A construction guide is included in the Appendix.
In analogy to the notion of a normatively imperative 'strong' multifunctionality, a 'perfect' house should be strived for. However, imperfections may be well acceptable to stakeholders, or indeed society as a whole. Productive functions are about agricultural production, and their fulfilment could represent the productivist/ non-productivist tendency (with a zero-score meaning seizure to be considered an agro-ecosystem). Nevertheless, we disagree with Wilson (2007) that non-productivism is morally superior to productivism, as long as other functions are not affected; i.e. a maximisation of productive functions not altering achievement of other functions is, at least in theory, the ideal. However, the trade-offs between especially productive and ecological (but certainly also social and cultural) functions may in practice limit desired productivity.
Stakeholders and SMOPS system boundaries
Different stakeholders have different decision-making domains and horizons. However, their preference for certain values may go beyond their control. For instance, a farmer may want to sell his/her olive oil at a high price, but success may depend on effective marketing of a PDO label (product of denomination of origin). Vice versa, a regional authority may want to maintain a typical landscape, but will to large extent have to rely on the contributions farmers are willing to make. Hence, two-way traffic along hierarchical decision-making levels should be facilitated by the use of a nested approach. In the present study we distinguish between two decision-making levels: farm and regional. A farmer (decisionmaker at the farm level) addresses management decisions at parcel level and whole-farm level. For the assessment of functions, the latter was deemed to present a better assessment level, especially with regard to social and economic functions.
At both farm and regional levels, the agro-ecosystem is conceived to set the boundary to the function assessment exercise. This means that, while a certain function may have global importance (for the case of SMOPS, e.g. contribution of olive tree respiration to the maintenance of atmospheric gas exchange cycles) it has no significant value at the local agro-ecosystem level. As a consequence, SMOPS or land use changes will not affect much the provision of this service. The function 'biodiversity conservation' will similarly only be considered if it has significant local value over neighbouring agro-ecosystems. Central to the analysis is soil conservation: both because soil erosion is a major concern in SMOPS (Pastor and Castro, 1995; de Graaff and Eppink, 1999; Beaufoy, 2001; Birdlife International and WWF, 2004) and because it normally has a significant impact at the local level.
It is also important to understand the relatively limited 'manoevring space' of SMOPS: unlike annual cropping systems, Fig. 1 . The 'house of functions' and its five dimensions; (i) ecology: the fundament to the living space; (ii) production: provides us with products from nature -links ecology to economy; (iii) economy: the revenues of the system; (iv) society: the social dimension of the system; and (v) culture: the window on life -links ecology to society. Source: authors. structural characteristics have a pivotal significance in defining farmer options. Non-productivist action soon culminates in abandonment, so that SMOPS are likely to remain SMOPS unless strong drivers convert them to other land use (e.g. in the Vulture area, Potenza Province, Italy, SMOPS are uprooted following buy-out of small family farms for the expansion of capital-intensive wine estates). This characteristic gives SMOPS a strong area-based connotation.
Functions of SMOPS and selected indicators 2.2.1. Productive functions of SMOPS
Like any other agro-ecosystem the SMOPS by definition produce a certain amount of biomass. In order to separate agronomic from economic issues in the production process, the present analysis considers biomass production under the separate heading of 'productive functions'. Several aspects of biomass production can be considered (Table 1 , where selected indicators at farm and regional levels are included):
Productivity; the olive fruit is normally but not necessarily the main economic objective of olive farming. Apart from olives, associated and secondary products (e.g. almond, vine, cereals, firewood) can be co-produced. Olive groves can also be grazed by animals or support other types of biomass extraction. Product quality (notably of the olive oil produced); apart from complete chemical characterisation and organoleptic assessment, olive-oil quality is most simply expressed by its grading in acidity level. Stability of production; the olive tree has a natural tendency to alternate bearing. This tendency depends on variety, climatic conditions and management practices in SMOPS. A suitable indicator for stability is the Yield Consistency Index (YCI - Fleskens et al., 2005) .
Ecological functions of SMOPS
The ecological functions of an agro-ecosystem could be considered to comprise an extensive list of functions also attributed to the natural environment. However, management decisions or land use changes in agro-ecosystems, and specifically in SMOPS, will have no or only a marginal effect on many of the ecological functions they provide. For this illustrative case study we include the following, probably most important ecological functions of SMOPS (Table 1) , although regulation of the environmental impact of pesticides and water resources conservation may in particular cases (SMOPS 2-3) not be negligible: Soil conservation; the Mediterranean climate poses high erosion risk to the slopes that SMOPS are typically situated on (Fleskens and de Graaff, 2003) , with potentially significant onand off-site effects. These effects can be minimized by appropriate land management. Wildfire control; especially in SMOPS at risk of abandonment, management interventions can play an important role in wildfire prevention. Biodiversity conservation; SMOPS may represent important nursery or migrating territories for flora and fauna. Especially when SMOPS provide a habitat for rare species which are absent from neighbouring (agro-)ecosystems, this could be an important function. As shown by Clergue et al. (2005) , biodiversity performs a core ecological function.
Economic functions of SMOPS
The following economic functions can be distinguished:
Income generation; the prime objective of economic activities, such as olive cultivation, is normally to provide a source of income. Additionally, agricultural subsidies accrue to SMOPS farmers. Food security; SMOPS contribute to self-sufficiency in products that would otherwise need to be bought at opportunity costs (subsistence production), and/or be dependent on potentially doubtful supply (for a wider perspective, see Losch, 2004 ). Export; the SMOPS can take part in production for an export market, as such contributing to national earnings (possibly in preferred hard currency).
Social functions of SMOPS Several social functions can be attributed to SMOPS:
Employment; the SMOPS provide employment to farmers and contract workers alike, and create jobs in back-and forwardly linked economic activities. Olive harvesting and processing especially require labour in winter, when other (agricultural) employment opportunities are most limited. Viability of rural areas (Potter and Burney, 2002; Hollander, 2004) ; the existence of the SMOPS may help to secure the viability of rural areas where otherwise the level of services could drop below a critical level inducing emigration. Safeguard function; this function assesses income security for part-time farmers. With a high share of aged farmers, olive farming complements meagre pensions. The SMOPS also provide a safety net for farmers engaging in a diversification of activities. Social coherence; SMOPS contribute to communication, a sense of attachment to the land and social inclusion of the elderly. Regional coalitions (see also Holmes, 2002) ; SMOPS constitute a central theme in regional rural development; through increasing levels of organisation of olive farmers in associations, which in turn interact with policy-makers and environmental organisations, they are able to form a regional coalition to enhance multifunctional rural development.
Cultural functions
Cultural functions are the hardest to assess, as they relate to more abstract concepts. Note that other classifications group these functions under information functions (de Groot, 1992) . Contrary to natural ecosystems, information functions of agro-ecosystems form an intrinsic part of the culture that co-evolved with these systems. We included the following cultural functions:
Landscape value; agro-ecosystems co-shape landscapes which receive very different appreciation from stakeholders. There is a large literature on visual qualities of landscapes (e.g. Kuiper, 2000; Stobbelaar et al., 2000; Tahvanainen et al., 2002) . We developed a simple index after Pachaki (2003) . This index is assembled from ten scores (range 0-1) addressing seven landscape qualities. Landscapes of SMOPS contrast greatly with adjacent landscapes under annual crops. Recreation; tourism makes an important economic contribution in many Mediterranean areas. However, its geographical distribution is very unequal. In rural areas, landscape, cultural heritage and development of tourism infrastructure and leisure activities are important factors in tourism promotion. For SMOPS, of direct interest are tourist expenditure in rural (farm) tourism and regional products sales. Cultural identity; more than other agro-ecosystems, the SMOPS with their structural characteristics reinforce a spiritual attachment of farmers to the land (Holmes, 2002) . Cultural heritage value; SMOPS represent a long historical tradition with several specific local elements. Cultural events serve to keep traditions and knowledge of olive cultivation alive.
2.3. Study area and data collection 2.3.1. The 'Terra Quente' study area
The Portuguese Agrarian Region of Trá s-os-Montes (literally: 'Beyond the Mountains') is situated in the extreme northeastern corner of the country (Fig. 3) . Even today it remains characterised by a highly significant primary economic sector, absorbing 46.8% of total regional employment and producing 13.5% of regional GDP in 1995 (GPPAA, 2000) . From an agro-ecological point of view, Trá sos-Montes can be divided into five zones differing in climate, altitude and main agricultural systems. One of these zones is the 'Terra Quente' ('Hot Land'), largely coinciding with the olive production area (Madureira et al., 1994) . Nine municipalities more or less covering the Terra Quente were selected as target area for the function assessment study of SMOPS at the regional level and will subsequently be referred to as Terra Quente area. The Terra Quente area is characterised by hilly topography fluctuating between 300 m and 500 m altitude and receives an average annual precipitation of 400-600 mm y
À1
. More than half of all farms in Trá s-osMontes, and 85% of farms in the Terra Quente zone cultivate olives on an average of 1.2 ha and 2.1 ha per farm respectively (INE, 2002) . The population of the Terra Quente area has decreased by more than 20% between 1981 and 2001. Depopulation has been more severe in remote rural areas, with intra-area tendency to concentrations around towns such as Mirandela. However, most migrants have left the area for large cities outside the region.
Data collection
The functions of olive plantations in the Terra Quente area were assessed based on data collected from several sources, the most important of which was an agro-socio-economic survey of 60 olive producing farmers. This survey allowed us to distinguish different types of olive plantation systems (Table 2 ). This typology distinguishes five systems based on differences in tree density, slope, tree age, cultivation practices and olive production. Most orchards in the target area qualify as traditional SMOPS (SMOPS 1), although the area of semi-intensive SMOPS for olive-oil production (SMOPS 2) is considerable due to a much larger farm size. SMOPS 3-5 are less widespread. SMOPS 3 has the most intensive management and is usually irrigated, a fact associated with its focus on table olive production. It is specific of a geographical location. SMOPS 4, specific of the very steep hillslopes ('Arribas') of the Douro River and its tributaries, faces severe problems of abandonment. Organic farms are grouped in SMOPS 5 but are of relatively limited importance for the target area.
Apart from the main agro-economic survey (which excluded SMOPS 4), a specific study of 23 SMOPS-4 farmers, as well as a review of secondary data were undertaken. Expert knowledge (regional department of agriculture, technicians of farmer associations) was used to complement data. Data availability differed per function category: productive functions could be assessed quantitatively, while for some other functions expert opinion was used or informed guesses were made. A few functions were not considered due to data shortage. This resulted from the fact that the methodology for the construction of the house of functions was work in progress during field data collection, and missing data could only partly be obtained later from secondary sources. These lacunae are however not expected to have greatly affected the resultant houses of functions.
Stakeholder participation in this study was limited to the provision of information, on the basis of which the function assessment exercises were carried out. Target values were thereby constructed based on trend analysis (productive functions), comparisons with other agro-ecosystems, and/or derived from stakeholder information. These approaches may serve as examples of how stakeholders could arrive at target values themselves. Results are worked out for the regional level function assessment, and a brief comparison is made for two farm-level examples for two types of SMOPS (SMOPS 2 and 4, see below).
Results

Assessment of SMOPS functions in Terra Quente
3.1.1. Productive functions of SMOPS in Terra Quente at the regional level When assessing the productive functions of olive orchards in Trá s-os-Montes against national production figures, Trá s-osMontes clearly classifies as an important olive production area with an above average standard of quality of olive oil, i.e. a low acidity level (Table 3 ). The olive area in Trá s-os-Montes has expanded by 30% over the decade 1990-2000, while the total agricultural area increased only marginally. Average regional olive yield (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) was 888 kg ha
À1
, against 763 kg ha À1 nationally (INE, 2002) . Fig. 4 shows that the highest regional olive production (slightly over 100 000 tons) was obtained in 1991, corresponding to an average yield of 1625 kg ha
. We selected these values as targets (Table 4) . Yield consistency is not very high (an average YCI of 0.55 over [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] , although the YCI reached a maximum of 0.89. The percentage of olive oil of high quality, expressed as oil with acidity <1 , was 78% in 1999 and 2001 (Fig. 4) . The highest oil content was obtained in 1990: slightly above 19% (Fig. 4) . Table 4 shows the scores on abovementioned indicators for the period 2002-2004. Percentual achievement was assessed on the reference scale constructed from highest and lowest values of Fig. 4 . Considering weights emphasing quantity of production, the aggregate score for the productive function was assessed at 76%.
Ecological functions of SMOPS in Terra Quente at the regional level
Ninety-five percent of the olive area is on hilly and mountainous land more than half steeper than 15% (DEASR, 2004b) , and 33% is affected by erosion (de Figueiredo et al., 2002) . Two soil conservation indicators were selected: (1) the percentage of area protected by a winter cover and (2) the percentage of terraced area where terraces are well-maintained. Both target levels are set at 100%. Eighty percent of farmers practice between one and three tillage operations per year. In most cases, this includes a tillage operation in autumn, and low soil cover in winter as a consequence. No regional data were available about terrace maintenance.
Olive orchards are considered very effective as firebreaks. Out of all southern European countries, Portugal suffered most wildfires between 1980 and 2003 (398 682 occasions, 38% of total) (Agronoticias, 2005) . Moreover, wildfire problems in Trá s-os-Montes strongly increased over this period. Fig. 5 shows that the number of wildfire outbreaks per area unit is negatively correlated with the share of regional land under olives (Pearson correlation coefficient of À0.394, P < 0.05), but not with the percentage of total agricultural land in use. These data implicitly show the firebreak effect of olive orchards, especially if one considers that olive cultivation in Trá s-os-Montes is confined to the Terra Quente area. This zone has a pronounced hot and dry summer where one would expect higher fire risk (93% of annual burnt area in Portugal results from Summer wildfires - Pereira et al., 2005) . If we estimate the burnt area of olive groves to be 25% of the proportional share of olive orchards of total agricultural land, to account for relatively low fire risk in olive orchards and avoid double counting of repeated fire outbreaks in the same area, the average orchard area burnt would be 60 ha y Tillage in spring is a crucial factor in reducing fire risk. We estimate that about 50% of the olive orchard area receives this treatment. Another important management intervention to avoid fires is pruning. According to DEASR (2004a) , in 13% of the regional olive area olive trees are inadequately cared for, which usually starts with the neglect of pruning (Eicher, 2005) .
The olive plantations are part of diversified agricultural landscapes, next to olives composed of other permanent crops, annual crops and forest. As a consequence they may have a beneficial effect on biodiversity, especially SMOPS 4 and 5. Inappropriate hunting practices have in some instances considerably reduced the population of some birds like thrushes (Turtidae) and starlings (Sturnidae). Intensified olive plantations negatively affect pseudosteppe birds of high conservation value (Santos and Cabral, 2004) . However, insufficient data were available to include biodiversity conservation in the function assessment study. (%) n.a n.a. Olive farmers beyond retirement age (>65 y (Fleskens, 2005) . Nation-wide, olive oil comprised V13.9 million (4.3%) of Portuguese agricultural exports, against V73.8 million (4.2%) of agricultural imports (averages over 1997-1999) (GPPAA, 2000) . No comprehensive regional data could be found, but assuming that twice the national per capita consumption of olive oil (5.7 kg y À1 , IDRHa, 2005) is consumed locally, more than 80% of olive-oil production is sold outside of the target area. Figures do exist for about 3% of the olives produced in the target area that are marketed as Product of Denominated Origin (PDO), of which more than 75% is sold outside the production area (IDRHa, 2005) .
Out of the remaining 20% of olive oil produced, three-fifths (12%) is sold locally; about 8% of the regional olive production is used for auto-consumption, and this figure is definitely higher for traditional plantations. For the benefiting families, the value of this share is higher than its economic one, because it contributes to food security at a lower cost than if they would need to buy olive oil from retail shops.
Social functions of SMOPS in Terra Quente at the regional level
The importance of olive production as a growing agricultural activity has also increased its contribution to regional agricultural employment. Multiplying labour input data per area unit for the different SMOPS types from the farmer survey by the respective areas occupied by each SMOPS gives a total of 3372 Annual Working Units (AWU) in the target area (conservative estimate), 12% of the regional agricultural employment of 29 221 AWU (INE, 2001) . Employment generation of the SMOPS is thus in relative terms a more important function than income generation.
The safeguard function, contributing to the security of household incomes by complementing other income sources is also very important, as more than 66% of small producers (those having an olive area under 5 ha) and 44% of medium-sized producers (those having between 5 ha and 25 ha of olive orchards) depend primarily on off-farm income (GPPAA, 2002) . For the traditional olive plantation systems these figures are higher, while semi-intensive and organic systems depend to a much higher extent on on-farm income. In isolation, the importance of on-farm income is not very informative to assess the safeguard function. However, if we assume that olive orchards have an economic life of 50 y, 10% of the olive area should be replanted in 5 y (target value). The investment involved, when made by people not primarily dependent on olive growing, is another indicator of the safeguard function. The actual percentage of orchards younger than 5 y is 7.5%.
The contribution of olive growing to the viability of the area is important considering that the region has a negative migration rate and that the density of industrial and services firms is one of the lowest in the country (0.3 km À2 , against 2.8-4.7 km À2 in other northern Portuguese regions; GPPAA, 2002). A simple calculation shows that the 158 recognized olive-oil mills existing in Trá s-os-Montes (12 273 km 2 ) in 2001 directly contributed with more than 4% to this service level index, in which context it should be realized that the bulk of firms is concentrated in the towns and oil mills are among the few extant firms in rural areas. The olive sector as a whole, through its importance to regional employment, helps to maintain the level of other (noncommercial) services necessary to ensure agreeable living. Olive farming contributes to social coherence: because of the structural characteristics of SMOPS, with trees passing from generation to generation, many people quitting farming do not give up or sell their groves. It is quite common for ex-emigrants to return to their village of birth after retirement to reinvigorate the tradition of olive farming. While 24% of the population over 15 y of age of Terra Quente has passed the age of 65, 39% of SMOPS farmers is 65 or older (GPPAA, 2002) . Thus, SMOPS accommodate the inclusion of a substantial number of retired individuals who can participate in rural life and communication and form a part of the rural community.
There are some indications that SMOPS farmers, regional government and environmental organisations are forming coalitions to further rural development. SMOPS farmers' membership of producer associations was initially driven by policy which required olive mills to be legally recognized and acting on behalf of olive producers to administer subsidies. However, associations have been active in developing markets for olive oil and tourism. These activities of strategic interest to promoting a multifunctional region have strengthened ties between regional stakeholders. Two notable projects were identified: (i) the laying out of a touristic Trá s-os-Montes Olive-Oil Itinerary signposting olive producers, oil mills, shops selling olive oil, hotels and restaurants and (ii) the creation of the National Park Douro International, in 1998, to protect the natural and cultural heritage in a remote part of the region. Small-scale olive farming on steep slopes contributes to both natural and cultural heritage values, and the park administration, local government and olive producers are seeking ways to maintain olive groves in the area suffering intense depopulation.
Cultural functions of SMOPS in Terra Quente at the regional level
The aggregate landscape value of SMOPS was derived from individual SMOPS scores (Table 5 ). The target value was assessed in a similar fashion by adjusting partial index scores to the desired level. As such, an average landscape value of 4.9 was obtained while the target value was set at 6.4.
Direct revenues from tourism attributable to olive growing could not be assessed. The importance of regional cultural identity was assessed using the percentage of olive oil sold with PDO label as an indicator. Currently this is 2.7%, while the crop's expertestimated potential market share is 5%.
SMOPS have contributed to distinct cultural identities of their farmers. Cultural practices in olive groves such as pruning and soil management evolve from long, often geographically localized traditions. Owing to its greater visibility than similar traditions in annual crops, the cultural identity of SMOPS farmers is strong. Two PDO labels specific to olive production have been defined for the Terra Quente area: Trá s-os-Montes olive oil and Negrinha de Freixo table olives, the latter being characteristic of SMOPS 3, the only specialized table olive production system in Portugal. The mountain ranges surrounding Terra Quente SMOPS farmers, where herding and annual crops dominate, have reinforced a geographical sense of identity, typified by the expression ''Três mêses de inverno, nove mêses de inferno'' (three months of winter, nine months of hell).
Olive farming in Terra Quente has produced cultural heritage values. Many regional cultural events (not quantified) are directly or indirectly related to olive cultivation. Heritage values stem from the historical significance of olive farming. The Terra Quente has supposedly been the point of entry of olive cultivation in Portugal in the sixteenth century (Eicher, 2005) . The tradition of small-scale family farming has led to a very different heritage from more extensive large-scale olive farming in other Portuguese regions, most notably Alentejo.
Applying the house of functions concept to Terra Quente SMOPS at regional and farm levels
The regional indicator scores reproduced in Table 4 can be presented as a house of functions (Fig. 6) . Ecological functions appear to be in shortest supply with the set of indicators used. Although a closed house can be constructed, it is highly unstable because the ecological base is too small; improving environmental performance is thus the first priority. After these improvements are made, an inhabitable (closed) house can be constructed, but as social functions are also relatively weak, another imperfect house would result. If this silhouette would be used for normative purposes, the question is whether stakeholders accept the house as it is, or whether they would like to make further improvements, whereby enhancing social functions would have to receive priority.
When regional indicators are replaced by farm-level indicators (Table 1 , scores not shown), individual SMOPS can be compared (Fig. 7) . Taking as an example SMOPS types 2 (semi-intensive) and 4 (in process of abandonment), aggregate scores for productive and economic functions vary widely, while scores for cultural functions differ less. Also scores for ecological functions do not deviate much. This is a result of aggregating indicator scores for soil conservation and wildfire control which show opposite tendencies along an intensity of production gradient.
For SMOPS 4, closing the house silhouette in its present state is possible, although this would result in a house with a flat roof. If this silhouette were used for normative purposes, the question would be whether the farmer accepts that this type of orchards performs poorly on economic and social functions (de facto making him/her a hobby farmer), or whether he/she would attempt to enhance these functions. In the first case, economic and social functions would perhaps be transferred to other activities not included within the SMOPS (e.g. receiving a pension to complement farm income).
The overall house of SMOPS 2 type of orchards resembles the situation of regional SMOPS (Fig. 6) , performing better on most functions except ecological (no difference) and cultural ones. A closed house can be constructed but remains highly unstable unless ecological functions are enhanced. Once ecological performance is improved, cultural functions become a priority for enhancement.
Comparing Figs. 6 and 7, we can see that farmer and regional level priorities may be very different. While overall regional priority is improving environmental performance of SMOPS, farmers with SMOPS 4 are primarily concerned with economic and social functions. SMOPS 2 farmers could agree on the importance of enhancing ecological functions, but are less concerned with the second regional priority, social functions. Traditional orchards (SMOPS 1) take an intermediate position between SMOPS 2 and 4, and score lowest on economic and ecological functions. This may illustrate that a strategy for effective planning should start with communication between stakeholders. Ideas on how the house of functions can contribute to this are elaborated upon in the discussion.
Discussion
While Trá s-os-Montes is Portugal's most important olive production area, it must be remarked that in an international context, local olive production systems are predominantly lowproductive and traditionally managed (Beaufoy, 2001; Fleskens and de Graaff, 2003) . Portuguese agriculture has suffered more important abandonment processes than other southern European countries (Margaris et al., 1996) . In this respect, the drive to value multiple functions maybe more important here than elsewhere, but nevertheless the process is symptomatic of a much more widespread trend. A further impetus is to be expected from the recent (2006) introduction of single-farm payment schemes in the CAP regime for olive cultivation. As payments are based on past production in the reference period 1999-2002, plantations which have not or only recently been modernised, will not receive additional future subsidy benefits from investment in productive capacity. Investing in diversification could be a viable alternative, with olive farming performing a safeguard function. Makhzoumi (1997) emphasizes that olive (and carob) plantations of Cyprus with multiple productive functions are in decline due to economic reasons, while these agro-ecosystems fulfil important social and cultural functions. At a higher level of abstraction, Tait (2001) suggests to differentiate a priori between intensive and extensive forms of production requiring different approaches to address multifunctionality. Siebert (2004) reports on the importance of Cretan traditional agriculture (including traditional olive orchards) to conserve biodiversity, and suggests that supporting these systems for this aim may be much more beneficial than subsidizing 'modern' agriculture for enhancing biodiversity and landscape value.
The assessment of functions of SMOPS was undertaken here at two scales: the regional and farm levels. More scales could be added, whereby intermediate stakeholders (such as local governments) should then participate in two adjacent assessment levels and act as communicator between them. Lopez Ridaura (2005) presents such a multi-scale methodology based on attributes of sustainability. Each stakeholder could be characterised by pursuing different goals captured by different system productivity, stability, reliability, resilience and adaptability indicators. In a formal resource allocation model, goals at the lowest decisionmaking levels act as constraints at higher aggregation levels. While the approaches are not mutually exclusive, it seems that the function assessment methodology presented here may provide more opportunities for situations in which constraints are imposed upon lower aggregation levels (e.g. cross-compliance regulations). Moreover, multifunctionality may find its most direct expression at lower aggregation levels, being both increasingly complex to grasp at higher hierarchical levels as well as in need of a way of assessing the socio-political relationships between those levels, which may either advance or obstruct the potential of local farming systems to develop towards multifunctionality (Wilson, 2007) .
In order to advance multifunctionality, socio-political relationships are needed that encourage participation. A report by BBO (1999) discusses experiences with the creation of stakeholder platforms. In many cases, resource conflicts led to their creation, and conflict resolution was their main goal. However, developing partnerships in areas where there is no explicit conflict also poses a challenge, as successfully developing potential functions requires synergy. Recently, quite some attention is paid in the literature on how to achieve multifunctionality, both at the farmer level, with focus on entrepreneurial skills and networks (Clark, 2005; Wortmann et al., 2005 ), and at the policy level, where strategies should enhance desired functions without negatively affecting farmers' livelihoods, i.e. economic and social functions -most importantly income generation, employment and viability of rural areas (Hodge, 2000; Pretty et al., 2001 ). Farm structural characteristics, which in our paper are to a large extent SMOPS-specific, form a third factor influencing the options for decision-making to achieve multifunctionality. Although not fully explored in this paper, finding adequate indicators for social and cultural functions may be difficult. Where we could not determine suitable direct indicators, we experimented with stakeholders' appreciation of functions expressed on an ordinal scale (e.g. 1-5). Taking the average appreciation of a representative sample among the stakeholder group, a reliable indication could be found. This approach worked well (Eicher, 2005) , but admittedly could be substantially improved by a more profound analysis of factors influencing farmers' self-identity (Burton, 2004) .
Function assessment and its visualization as the house of functions should be further tested in stakeholder platforms to judge its usefulness in consensus-building and conflict resolution. Departing from a house representing the current state, stakeholders may note a trend in the direction of crumbling down or building up. They may also indicate their desired developments. The methodology thus resembles a SWOT (Strengths-WeaknessesOpportunities-Threats) analysis, with the difference that it also immediately visualizes viability. As such it provides a potentially powerful tool for the following situations ( Fig. 8 ):
Monitoring trends in the fulfilment of functions over time, either as a result of autonomous development or introduction of (environmental) policies. Presentation of the results of scenario studies aided by various 'houses', and/or discussing the relative attention that needs to be paid to each function category (axis) in development plans. Evaluation of how intervention in one function affects system performance in other functions (trade-offs).
A flaw in the reported application of the methodology is the aggregation of various functions. For instance, a high soil conservation score and low wildfire control score were averaged out in the process of assigning scores for ecological functions. This could be partially resolved by showing the indexed range of individual function scores or the standard deviation of the aggregated function group value. Individual functions could be weighted or a single most important function could be selected to evaluate alternatives. Individual functions could also be weighted by expressing values in uniform units, i.e. monetary valuation (for a state-of-the-art, see Madureira et al., 2007; Randall, 2007) .
Notwithstanding these difficulties, the house of functions is probably a more informative tool for decision-making than single aggregate indices, each of which would only serve a narrow field of applicability (Jollands, 2006) . Moreover, the concept visualizes trade-offs between functions, and thus allows a discussion of the jointness of production of commodities and non-commodities (Abler, 2001) . Another frequently used tool to present indicator scores is the spider diagram. While the strength of the spider diagram lies in its capability to simultaneously present multiple scores with only an implicit limit on the number of indicators, it is not explicit about the importance of various functions. The 'house of functions' can rapidly show the most significant weaknesses of a system: it is immediately obvious that a house with, say, no foundation cannot be longlived. The house of functions may thus be used as a rapid assessment tool.
Contrasting stakeholder views in multifunctional agriculture were also presented by Kaljonen and Rikkonen (2004) . While they observed important levels of agreement between stakeholders, they argue that due to the challenging future of agriculture, enhancing self-reflection and dialogue between different stakeholders should be included as one role research in this field should play. A further challenge for research is to develop and test indicators and monitor agro-ecosystem performance to feed the needs of decision-makers.
Conclusion
The assessment of functions of olive groves in the Terra Quente study area showed that these agro-ecosystems fulfil various functions. The Terra Quente area is home to a diversity of SMOPS. Traditional orchards are the most numerous and perform important ecological and social functions. Semi-intensive SMOPS have been expanding and will progressively strengthen economic functions at the regional level. They may also reveal importance for wildfire control as land under other crops is increasingly being abandoned, although a high degree of mechanisation and frequent tillage can lead to more soil erosion. A well-developed olive-oil sector may act as counterweight to ongoing emigration, and may help secure a minimum service level in rural areas. For olive orchards in process of abandonment, the lack of crop care inevitably leads to lower productivity. Minimum maintenance standards of terraces for erosion control and landscape value and of tree pruning and weeding to avoid wildfires should be established. Farmers have shown interest in agri-environmental contracts and could thus contribute to ecological functions while receiving additional income. The development of tourism should be able to reverse the trend of outmigration by contributing to employment generation (especially during summer, and hence complementary to olive growing), and maintenance of the viability of the area. Policy-makers may use function assessment as a tool to design appropriate agri-environmental subsidy schemes and crosscompliance rules that are tailored to regional agro-ecosystems and seek to achieve balanced rural development.
Carried out from a research perspective, the assessment used many different types of indicators to illustrate the current performance of these systems. Constructing houses of functions at regional and farm levels suggests that the method may have potential for application in participatory decision-making processes. Further testing and refinement is required to judge its usefulness in consensus-building and conflict resolution. However, the following preliminary conclusions can be drawn:
The function assessment method is flexible; it can be used with either science-based (environmental) target values or subjective target values, as long as objective and relatively scaleinsensitive indicators are used. The function assessment method is descriptive; if objective indicators are used, the analysis can assess (differences in) performance of agro-ecosystems or suggested modifications thereof. It can also be used to show trends over time or tradeoffs between functions.
The metaphor depicted by the house of functions is applicable to all scales of analysis, but ultimately it is Oikos that cannot be substituted; multifunctionality is a luxury as much as it is a necessity -it is a matter of careful choices.
